Background: The association of living alone with hospitalization among the general elderly population has been rarely investigated, and the influence of common disorders on this association remains unknown. Methods: We used data on participants in the Swedish National study on Aging and Care in Kungsholmen (n = 3130). Risk and number of unplanned hospitalizations and length of hospital stays were studied over a period of 2 years. We used Cox proportional hazard models to estimate hazard ratios (HRs) of incident hospitalization and zero-inflated negative binomial regression models adjusted for potential confounders to estimate incident rate ratios (IRR) of the number of hospitalizations and total length of stay associated with living alone. Results: A total of 1768 participants (56.5%) lived alone. Five hundred and sixty-one (31.7%) of those who lived alone had at least one unplanned hospitalization. In the multivariate analyses, living alone was significantly associated with the risk of unplanned hospitalization (HR = 1.21, 95% confidence interval [CI] 1.01-1.45) and the number of hospitalizations (IRR = 1.35, 95% CI 1.04-1.76) but not with the length of hospital stays. In stratified analyses, the association between living alone and unplanned hospitalizations remained statistically significant only among men (HR = 1.52, 95% CI 1.17-1.99). Conclusions: Living alone is associated with higher risks of unplanned hospitalization in elderly, especially for men.
Introduction

S
ocial isolation is common among elderly people and may increase the risk for age-related health events 1,2 and mortality. 3 Living alone, a common and objective proxy of social isolation, is associated with mortality in a wide variety of clinical populations 4, 5 and population-based cohorts. 6, 7 Limited data suggest that elderly people who live alone are more likely to use certain types of health care services, which could be due to lack available care at home, inability to rely on others to assess their health needs, or lack support in activities of daily living. 8, 9 Although single living is an established risk factor for rehospitalization in elderly people, [10] [11] [12] [13] [14] [15] little is known about its impact on recourse to hospitalization in the general population of elderly people. An association has been postulated but the interpretation is largely hampered by retrospective study designs or the use of self-reported outcomes. 11, [16] [17] [18] [19] [20] In these studies, detailed information on hospitalization, such as number of hospitalizations and duration of stays, which are more informative for clinicians and policy makers are unavailable.
The potential influence of living alone on hospitalizations might be explained by specific age-related conditions, such as dementia and cardiovascular diseases, that are both highly implicated in increased hospitalization rates and require complex medical or/ and social care. 11, 21, 22 Investigating the relationships between living arrangements and unplanned hospitalization and understanding the potential influence of major health conditions may lead to appropriate preventive interventions. In the present study, we aimed to use data from a community-based population cohort of elderly people to investigate the impact of living alone on risk for unplanned hospitalization, number of unplanned hospitalizations, and duration of hospital stays. We also investigated the role of major chronic disorders such as dementia and cardiovascular disease in these relationships.
Methods
Study population
Data were derived from the Swedish National study on Aging and Care in Kungsholmen (SNAC-K). 23 The study population consists of a random sample of people 60 years and older living at home or in institutions in the Kungsholmen area of central Stockholm. A sample was randomly selected from 11 specific age cohorts with 6-year intervals between the younger cohorts (those 60-78 years) and 3-year intervals between the older cohorts (!78 years). Among the 5111 persons initially invited to participate, 4590 were alive and eligible at baseline. Of them, 3363 participated in the baseline survey (73.3% participation rate) and 1227 were refusers. After we excluded 191 participants who lived in an institution, and 42 participants for whom information on living arrangements was missing, 3130 participants were included in the analyses. Written informed consent was obtained from all participants at baseline or from their next of kin if the participant had cognitive impairment. The study was approved by the ethics committee at Karolinska Institutet and by the Regional Ethical Review Board in Stockholm.
Data collection
The baseline survey collected information about present status and past events through interviews, clinical examinations, and psychological testing by trained staff, including nurses, psychologists, and physicians, all of whom followed a structured protocol (available at http://www.snac.org). Information on sex, age, educational level and living arrangements was recorded during the nurse interview. At baseline, participants were asked who lived in their household. We categorized living arrangements dichotomously, as either living alone or living with someone. Educational level was measured as the participants' highest level of formal schooling and was categorized as elementary school (grades 1 through 9), high school (grades 10 through 12), or university or above. Socioeconomic variables in the study included experience of recent financial hardship, which was defined as having had any trouble keeping up with running expenses in the last 12 months, and home ownership, which was dichotomized into owning or renting one's domicile. To assess the use of formal home care, participants were asked if they currently had personal care assistance for basic activities of daily living and health care assistance (e.g. help with injections, taking medicines, and compression stockings). Participants were classified as current smokers, former smokers, and those who had never smoked. Alcohol consumption was assessed on the basis of selfreported frequency of alcohol intake on a typical drinking day, and was classified as no or occasional, light to moderate, and heavy drinking. 24 Body mass index (BMI) was calculated as weight in kilograms divided by squared height in meters. BMI was divided into five categories: underweight (BMI < 18.5), normal weight (BMI between 18.5 and 24.9), overweight (BMI between 25 and 29.9), and obese (BMI ! 30). Because BMI was missing for 6% of the sample, a specific missing category was created and used in the multivariate analyses. Mini-mental state examination (MMSE) scores were used to control for global cognitive ability. 25 Basic activities of daily living (ADL) and instrumental activities of daily living (IADL) were assessed; ADL disability was considered with any difficulty with bathing, dressing, toileting, mobility, or feeding. A person was considered to have IADL disability if he or she was unable to carry out at least one of the following four activities: using the telephone, using public transport, handling his or her finances or shopping.
Medical conditions were diagnosed by the examining physicians on the basis of clinical examination, self-reported medical history and laboratory data. Information on medical history was also taken from the computerized inpatient register system in which the criteria of the International Classification of Diseases, 9th and 10th revisions (ICD-9 and ICD-10) were followed. These different sources of medical diagnoses were used to avoid misreporting and recall biases. The International Classification of Diseases-10th Revision (ICD-10) was used to classify diseases. Diabetes was ascertained based on the basis of self-reported history of diabetes, having a diagnosis of diabetes in the inpatient register, current use of oral glucose-lowering agents or insulin injection, or having a glycosylated hemoglobin level ! 6.4%. Hypertension was determined on the basis of the mean of two arterial blood pressure at a 5-min interval or use of antihypertensive agents. Cardiovascular diseases including congestive heart failure, coronary heart disease, and stroke, were defined on the basis of clinical examination, electrocardiogram, self-reported medical history, or data from the National Inpatient Register (ICD-9 codes 410 through 414 and ICD-10 codes I20 through I25 ascertained coronary heart disease, similarly, heart failure, and stroke were coded of 428, and 430-438 in ICD 9, respectively, and I50, and I60-I69 in ICD 10). Participants were assessed as having cancer if they reported being diagnosed with or treated for cancer in the last 5 years. Depression was diagnosed using a three-step procedure. 26 Dementia was diagnosed by the examining physician in accordance with the Diagnostic and Statistical Manual of Mental Disorders IV criteria, and cognitive impairment was defined as the presence of dementia and/or an MMSE score < 24.
Outcomes
The Stockholm County Council's patient administrative register was used to identify hospitalizations. This register specifies whether each hospitalization was unplanned (emergency) or planned (elective) and provides the dates of admission and discharge. We 'mainly' investigated unplanned hospitalizations because they are more indicative of acute health problems. We retrieved each participant's hospital records for the 2-year period following baseline. This time period was chosen a priori to study the short-term relationship between living arrangements and hospitalizations. Outcomes included risk of hospitalization, number of hospitalizations, and total length of hospital stays.
Statistical analyses
Baseline characteristics were compared using 2 tests, student's ttests, and logistic regressions by living arrangements. To investigate the probability of hospitalizations by living arrangements, we performed Cox regression models after checking that the proportional hazard assumption held. Time to the first hospitalization was measured in days from the baseline interview date to the date of hospitalization or 2 years after baseline. For the number of hospitalizations and total length of hospital stays, we report incident rate ratios (IRRs) with 95% CIs after performing zero-inflated negative binomial regressions to account for overdispersed data with a large excess of zeros. We used the Vuong non-nested test to assess the fit of the models. In all analyses, the first model was controlled for age, sex and educational level. We further also controlled for socioeconomic variables, use of informal and formal care, vascular risk factors (smoking habits, alcohol consumption and BMI), ADL and IADL disability, MMSE, and medical conditions. Additionally, we investigated the possibility of effect modification by including interaction terms between living arrangements and the following variables that could be involved in the causal pathways linking living arrangements and hospitalization: age, sex, presence of at least one cardiovascular disease and dementia (or cognitive impairment). Any variable involved in an interaction term that was associated with any of the study outcomes at a significance level of P < 0.10 was selected as a potential effect modification factor. To exclude the possibility that proximity to death influenced the findings, analyses were repeated (i) after excluding participants who died during a hospital stay (inpatient death) and (ii) after excluding all those who died during the study period. Sensitivity analyses were performed for missing data with multivariate imputation by chained equations to obtain ten imputed datasets. 27 We pooled the estimates using Rubin's rule to obtain valid statistical inferences. All the relevant variables included in the major analyses were used in the multiple imputation models. Statistical analyses were conducted using SAS 9.3.
Results
Participants' characteristics at baseline
The mean age of the 3130 participants was 73.8 years (SD AE 10.7 years), 1989 (63.5%) were women, and 1768 (56.5%) lived alone (Table 1) . Participants who lived alone were more frequently women, older, and had lower levels of education than those who lived with someone. They were also more frequently underweight; had lower MMSE scores; and experienced more frequent ADL and IADL disability, coronary disease, congestive heart failure, hypertension, stroke, depression and dementia than those who lived with someone. Additionally, they were more likely to report a recent financial hardship, to be a homeowner, and to use formal care. Most differences remained significant after adjustment for age and sex.
Association between living alone and study outcomes At the end of the 2-year period, there had been a total of 1779 unplanned hospitalizations. Height hundred and twelve participants (26%) had at least one unplanned hospitalization. More of these people lived alone (31.7%) than with someone (18.6%) (P < 0.0001). One hundred and fifty (11.1%), 57 (4.2%) and 47 (3.4%) participants who lived with someone were respectively hospitalized once, twice, and more than twice compared with 262 (14.8%), 118 (6.7%) and 180 (10.2%) for those living alone. Elderly people who lived alone had an increased risk of unplanned hospitalization after adjustment for age, sex, and education (HR = 1.33, 95% CI 1.12-1.57; figure 1 and table 2 ). Full adjustment reduced the association between living alone and rate of unplanned hospitalization (HR = 1.21, 95% CI 1.01-1.45).
Number of unplanned hospitalizations and length of stays had skewed distributions with excess numbers of zeroes. After adjustment for potential confounders, the number of unplanned hospitalizations was higher among participants who lived alone than among those who lived with someone. In the fully adjusted model, participants who lived alone had a 35% higher number of unplanned hospitalizations than those who lived with someone (table 2). After adjustment for age, sex and education, elderly participants who lived alone had no longer total length of stays (IRR = 1.20, 95% CI 0.93-1.55) than those who lived with someone.
Planned hospitalizations were less frequent than unplanned hospitalizations since only 429 participants (13.7%) had at least one planned event. After adjustment for age, gender and education, living alone was not associated with the risk, number or with total length of planned hospitalizations.
Interactions
Sex was the only factor that modified the effect of living alone on risk of unplanned hospitalizations (P interaction = 0.01). Men who lived alone had a higher risk of unplanned hospitalizations than men who lived with someone (34.6 vs. 19.6%, HR = 1.52, 95% CI 1.17-1.99), whereas women who lived alone did not have a higher risk of unplanned hospitalizations than women who lived with someone (30.8 vs. 17.6%, HR = 0.98, 95% CI 0.76-1.25) (table 3) . Age, dementia, cognitive impairment, and cardiovascular diseases did not influence the association between living alone and risk of unplanned hospitalizations. During the 2-year study period, there were 220 deaths, including 87 inpatient deaths. Excluding inpatient deaths reduced the observed association between living alone and unplanned hospitalization risk, especially among men (HR = 1.35, 95% CI 1.01-1.81). When men who died were excluded from the analysis, living alone was no longer associated with risk of unplanned hospitalizations regardless of the model tested.
Regarding the number of unplanned hospitalizations, we found no interaction between living alone, age, gender, cardiovascular disease or dementia (nor cognitive impairment).
Discussion
In this community-based cohort of elderly people, living alone was associated with a higher risk and an increased number of unplanned hospitalizations. The increased hazard seemed to be confined to elderly men and may be explained by the proximity to death. Neither cognitive impairment nor cardiovascular disease modified the association between living alone and unplanned hospitalization.
To our knowledge, this is the first study to evaluate the relationship between living arrangements and hospitalization outcomes using a representative population-based cohort with prospective and highly complete registered-based data on hospitalizations. Our findings are consistent with those of a study of Medicare beneficiaries that found that living alone was associated with emergency visit use 28 and with those of a study that reported a higher rate of emergency admission in older participants who lived alone than in those who lived with their spouses. 19 However, our findings contrast with the findings of two other populationbased studies. Ginzburg et al. 17 demonstrated that among subjects aged 75 or more, living alone was associated with a lower risk of emergency utilization in the year preceding the interview. Last, among veterans aged 65 or more, living alone was associated with a higher number of routine medical visits, prescription visits and outpatient visits, but not with more emergency room visits. 18 All the aforementioned studies investigated self-reported events, which are of suboptimal validity, especially in older adults. 29 Recently, Ennis et al. 30 reported the results of analyses of data on elderly participants enrolled in an integrated health care delivery system (the Group Health Cooperative). The authors found that living alone did not increase overall hospitalization risk and was even associated with a lower risk of hospitalization in those 85 years or older. It is possible that the preventive and collaborative care provided by the GHC may have improved timely access to care, especially for isolated elderly people. Furthermore, the authors did not specifically focus on unplanned hospitalizations, which are more likely than scheduled hospitalizations to reflect acute medical or social issues and undesirable short-term consequences of inappropriate care. Indeed, older people who live in the community are often forgotten in the midst of primary, secondary, and social care, thus leaving emergency care as their only available alternative. 28 With regard to unplanned hospitalization, men in the current study benefited more from living with someone else (usually a spouse) than did women. This finding may be explained by the traditional roles of husband and wife, in which wives are more likely than husbands to act as caregivers, provide information, facilitate the reporting of health problems, and foster timely access to health care, even during the last years of life.
Our results did not highlight the influence of cardiovascular diseases on the association between single living alone and unplanned hospitalizations although living arrangement has been reported to increase risk of re-hospitalization in patients with heart failure. 31, 32 Moreover, some previous studies indicate that cognitive impairment increase hospitalization recourse in the elderly general population. 33 In the current study, cognitive impairment did not alter the association between living alone and hospitalization, which confirms findings from Ennis et al. 30 The strengths of this study are the availability of registrybased data on all hospitalizations, which ensured optimal validity, complete capture, and accurate classification of hospitalization type. The ascertainment of medical conditions via more than one source of medical diagnoses avoids potential errors. Finally, these findings contribute to enrich the little knowledge in the literature addressing public health consequences of social isolation.
Several limitations must also be pointed out. First, data on some potential confounders (such as levels of income or sociologic factors) were unavailable in this study whereas they may play a role on health status of elderly people. 34 Living arrangements were only assessed at baseline and may have been different at the time of hospitalization. Additionally, hospitalization by itself may also have modified living arrangements after discharge. Finally, our study included participants from the central part of an urban area in a Western country; thus, the generalizability of our findings to other settings may be limited.
Conclusion
We demonstrated an independent association between living arrangements and unplanned hospitalization, highlighting a possible target to identify potentially preventable hospitalizations. Awareness of potential vulnerable elderly may hold promise for facilitating the development of more targeted care strategies to reduce at least partially some public health consequences of social isolation. 35 
